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EXMATEC I I I  
F re iburg ,  May  1 2-1  5 
Mike Brozel, III-Vs Review's Humblest Scribe 
The third International Workshop, "Expert Evaluation and Control of Compound 
Semiconductors Materials and Technologies" or EXMATEC, was the third conference in this 
series, the previous being held in Lyon, France and Parma, Italy. The aim is the application 
of new methods either to improve compound semiconductors or to assess them. In this spirit 
it is one of the forums that allows (even encourages) workers to discuss problems 
associated with the fabrication of devices. 
T 
he topics under this type of 
scrutiny extend all the way 
from the procurement of sub- 
strates to problems associated with 
device testing. These diverse areas of 
interest attract delegates from a wide 
range of semiconductor ccupations 
ranging from the areas of crystal 
growth to device testing and the 
supply and assessment of substrates. 
The meeting was held in the 
Friedrichsbau Convention Centre in 
the centre of Freiburg. Freiburg itself 
is a very historic town, located in the 
upper Rhine valley at the foothills of 
the Black Forest, close to both France 
and Switzerland. Many of the build- 
ings that were not destroyed in the 
war date back to the fifteenth cen- 
tury, some others have been rebuilt 
in their original style. I shall not dwell 
on the weather that we experienced 
but I am reliably informed by Wolf- 
gang Jantz, the organizer of this 
meeting, that it is often misty in 
May, but that the weather improves 
rapidly. It did indeed, on the last day 
of our stay! 
The conference was arranged with 
oral presentations and posters being 
given equal prominence. There: were 
also two panel sessions on the Tues- 
day evening, entitled, "Standardiza- 
tion (ASTM, DIN, JEIDA, SEMI) of 
compound semiconductor material 
characterization procedures" and 
"Non-destructive characterization 
Prof.Wolfgang Jantz and Martina Baeumler plus some of the EXMATEC 96 delegates gathered 
outside the conference venue. 
techniques for in-situ and ex-situ 
process control", but more about 
these later. 
I can refer to a few papers only. I 
hope that delegates will forgive me if 
their presentation is not reported. 
Most of the sessions were led by a 
talk by an invited speaker. Steve 
Pcarton, (Univ Florida) was the first 
speaker, addressing critical issues in 
III-V semiconductor processing. In 
general he felt that the days of III-V 
research were numbered except for 
well directed technological issues. 
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Pascal GalI-Borrut with your humble scribe 
share a lighter moment. Below, YHS 
introduces the identity parade of 
cartoons by Dr Otoki. 
There were too many devices, fe~ I 
of which were going to have a 
1 strong impact on the micro-elec- tronic community and that it was not sensible to expect "carte- blanche" funding for ever-in- 
creasing numbers of extremely 
complex devices that were not likely 
to be manufacturable. Apparently, in 
the US, the only III-V that is receiving 
the type of funding that many com- 
pound semiconductors have enjoyed 
over the past 20 years is GaN. I am 
sure that readers of this column will 
have experienced similar problems in 
attracting research funding in Eur- 
ope. 
I was particularly impressed by a 
talk by John Bean (AT&T, Murray Hill, 
US) who spoke in the role of a 
compound semiconductor engineer 
who is surrounded by silicon techni- 
cians. Of course, while we think that 
GaAs etc have problems that are 
specific to our material, in many 
cases similar problems have already 
been sorted out by the Si workers. 
Apparently, it is quite in order to 
"steal" ideas and equipment (and 
anything else that is useful!) from 
people who have done the sweaty 
stuff already. Do I hear cries of "spoil 
sport" from some of my academic 
colleagues. Who feel that III-V mate- 
rials deserve optimised methods of 
assessment requiring, of course, con- 
s iderab le  
time, money and other 
effort to be lavished on them? 
The new "politically correct" ap- 
proach is to make do with existing 
kit even if it is not perfect for the job! 
Hot spots 
The relatively new technique of 
resistivity mapping by the "Time 
Domain Charge Measurement" meth- 
od was employed by Carla Miner and 
her colleagues (Bell Northern Re- 
search, Ottawa, Canada) who have 
been using this method for qualifying 
SI GaAs substrates. They report sight- 
ings of "hot-spots" in some mappings 
and have found wafers where sec- 
tions are out of specification. When 
device manufacturers have this type 
of facility in-house, substrate suppli- 
ers should beware - Hall effect data 
cannot hope to match the spatial 
resolution of this type of technique. 
As an example of more positive uses 
of TDCM, these authors showed a 
graph of IDSS as a funct ion of 
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substrate resistivity for MESFET 
batches taken over several years. As 
expected (or at least, as I expected!), 
IDSS falls nearly linearly as the 
resistivity increases. 
M Missous (UMIST, UK) reported 
the growth of low-temperature MBE 
GaAs. This material has been under 
considerable investigation for sev- 
eral years because, when grown 
under  As-rich conditions, it is 
"dead". It shows no luminescence, 
virtually zero minority carrier life- 
time, etc. As such LTMBE GaAs is 
excellent as a substrate for MES- 
FETs as there are no side or 
backgating effects and it also 
makes a very fast optical detec- 
tor. Missous has shown that if 
the GaAs is grown under near- 
stoichiometric condi- 
t ions ,  it be-  
~-~ comes  good 
~-c2~z ~_7~- quality epitaxial 
mater ia l  again. 
. This is of consid- 
ilJ ~ ~';" erable academic 
in teres t ,  but  
...... r~ i whether there is a 
,~,-~: use for this type of 
epi-GaAs is another 
question. 
M Van Hove (IMEC, 
Leuven, Belgium) re- 
por ted  materials as- 
pects of  InP HEMTs. 
This technology is not 
as advanced as GaAs, of 
course, and the use of 
InAIAs/ InGaAs HEMTs 
either lattice matched or pseudo- 
morphic to the substrate is more 
difficult. However, a device with a 
Tgate with a 60 nm footprint and 
excellent performance is reported. A
similar report by M Achouche et a l  
(CNET, Bagneux, France) described 
excellent and very reproducible data 
from 0. 8 micron devices. Their 
secret of success is a selective dry 
recess etching technique. 
Modesty does not allow me to 
report  my paper on strange but 
important effects seen in nuclear 
particle detectors fabricated in SI 
GaAs (Berwick et al, UMIST, UK). 
Electric fields in these devices are 
best modelled in terms of a field- 
enhanced electron capture by EL2 
centres. Such effects which may also 
be important for side-gating proper- 
ties of MESFETs, also result in elec- 
tron trapping which degrades the 
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detector. But, as 1 say, modesty 
forbids. 
Degradation 
A very interesting review of degrada- 
tion in high power GaAs/AIGaAs and 
InGaAs/A1GaAs lasers was given by A. 
Jakubowicz (IBM, Zurich, Switzer- 
land). Careful design of mirror facets 
and reduction in ohmic losses result 
in an extended life GaAs/A1GaAs 
lasers exceeding 5 x 104 hours (at 
50°C) at an output power of 200 mW 
and InGaAs/AIGaAs laser lifetimes 
exceed 4 x 104 hours (30-75~'C) also 
at powers up to 200 roW. 
Wide bandgap materials were well 
represented at EXMATEC. S. Porows- 
ki (Polish Academy of Sciences, War- 
saw, Poland) is one of the few people 
in the World who can grow bulk 
crystals of GaN. These are solution- 
grown by dissolving nitrogen in Ga 
and cooling. Because the solubility of 
N in Ga is usually tiny, high pressures 
and high temperatures have to be 
used; 20 kBar and 160OK! These 
conditions are extreme to say the 
least; few people risk this type of 
growth and those who do will either 
become very rich or pass to the other 
side quickly! After 40 to 50 hours 
growth, hexagonal platelets from 4 to 
6 mm diameter are produced. The 
equipment is to be enlarged to make 
GaN substrates up to 9 mm dimen- 
sion soon. Epi growth (by MOVPE) 
on these substrates was reported. PL 
assessment of the layers showed 
extremely narrow excitonic emis- 
sions in the [N, quite impressive! 
D C Look et al. (Wright State 
University, Ohio, USA) reported 
properties of semi-insulating GaN 
(grown by MOMBE). Optical proper- 
ties of this material were excellent 
but electrical properties are de- 
graded with poor mobilities. Hopping 
conduction may explain these ef- 
fects. 
As I mentioned belore, there were 
two panel discussions. I decided to 
go to the standardization group (for a 
change; my life is dominated by 
substrate assessment and I need to 
freshen up my brain on occasion!) 
Unlike Si where there are world wide 
standards for virtually every para- 
meter, compound semiconductors 
have been standardized on a national 
basis. For example, the German DIN 
standards are not necessarily the 
samc as ASTM. The panel of R. Bin- 
demann (Freiberger), R. Blunt (E.P.I.), 
W. Jantz (Fraunhofer-IAF), C. Miner 
Bell Northern Research (BNR) and Y. 
Otoki (Hitachi Cable) reported diffi- 
culties encountered in trying to 
specify materials parameters and the 
efforts that they are expending to 
standardize these important para- 
meters. It is not only the materials 
that require this type of control but 
also the techniques for performing 
the measurements: it is one thing to 
specify a substrate thickness but it is 
another to quote the concentration 
of an impurity when it must bc 
measured optically (say) and there 
remains uncertainties of calibration 
factors, instrumental conditions of 
measurement, etc., etc. Let us hope 
that standards can be agreed quickly 
and stories like "we expected the 
2 inch substrate to bc 50.8 mm 
diameter but it was undersize at 
50 mm and fell through the holder 
in the MBE machine and . . .", will 
soon be history. 
There were 83 posters presented 
in 2 consecutive sessions (a total of 
2 l/2 hours or so). This was one of 
the most active poster sessions I have 
attended and I really enjoyed it. It 
would be unfair of me to select 
posters. In general, they were excel- 
lent and authors were worked hard 
in the sessions, describing, analysing 
and debating. This is just how a 
session should be - with lots of coffee 
laid on by the organisers to lubricate 
the brain cells and the throats. 
Now, what would a conference be 
without a short period of relaxation, 
the outing and the banquet. Woff- 
gang Jantz organised an excellent 
coach outing after the poster ses- 
sions on the Tuesday. As expected 
for a region so close to the Black 
Forest, the countryside around Frei- 
burg is beautiful. The coach stopped 
after half hour for a wine tasting in 
the historic village of Burkheim. This 
was not the simple slurp that you 
might imagine. The coach was met by 
the local wind band who entertained 
the group until it marched away. 
Delegates followed in an orderly 
fashion into the village where the 
tasting took place. This reminded me 
a bit of the Pied Piper of Hamelin, but 
with a nicer ending! The band leader 
spoke (at some length!) to the 
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gathering describing his village, the 
importance of wine making to the 
area, etc. Delegates were now nicely 
mellowed. 
The coach now took us to Munzin- 
gen where we were treated to a 
reception of sparkling German wine. 
The delegates were in a particularly 
elevated mood as they entered the 
dining room a little time after. The 
banquet was excellent with consider- 
able quantities of wine on offer. 
Wolfgang Jantz, a "Renaissance 
man" if there ever was one, com- 
pared art and science in a talk which 
was both erudite and entertaining. 
Whether the delegates were of equal 
intellectual passion and sobriety to 
appreciate these words may be de- 
batable. I doubt the latter as the 
attendance atthe next morning's first 
session was a little thin! Back to the 
banquet, (dear reader, can you see  
where my real interests lie? Can you 
really imagine for one instant that I 
go to conferences for the science, oh 
you do? surely- not, but read on . . .) 
where our table included Dr Yohei 
Otoki. Now Dr Otoki is well known 
to the SI GaAs fraternity as an expert 
in devices/substrates, tc. but he is 
also a cartoonist of charm and talent. 
Versions of his caricatures are dotted 
around this report: l hope they 
appeal as much to the models as well 
as to colleagues and friends! 
As you can tell, 1 thoroughly en- 
joyed EXMATEC, Woffgang Jantz and 
his helpers did a great job in organis- 
ing an excellent meeting. The next 
will be organised by Roy Blunt and 
will be held in Wales, in 1998, see 
below. 
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